INTRODUCTION
IPOD Leg 80 drilled a transect of four sites across the western European passive margin of the Atlantic Ocean Goban Spur, located 250 km southwest of Ireland. Basalts were recovered from the bottoms of two holes at the two most southwestern sites, Sites 550 and 551.
Hole 55OB was drilled on the Porcupine Abyssal Plain (at 4432 m water depth), 10 km southwest of the seaward edge of Goban Spur, in a typically oceanic environment. A section of 35 m of basalt was recovered below the uppermost Albian calcareous mudstones. The upper part of the volcanic pile is made up of pillow lavas and hyaloclastites (Subunit 6a, 4 m thick), which are underlain by six lava flows (1-7 m thick). Three of them (Subunit 6b) are covered by thin layers of microfossilbearing limestones, the age of which does not seem very different from that of the Vraconian sediments overlying the volcanic sequence. The rate of emplacement of the lava flows was probably not very high.
Hole 551 was drilled on the western edge of Goban Spur (at 3909 m water depth) over the flat top of a raised basement block. This site was designed to determine the nature and age of basement constituting what was thought to be the oceanmost edge of the continental crust. Unexpectedly, however, the upper part of this basement proved to be made of 59 m of basaltic flows and pillows overlain by bathyal upper Cenomanian chalk. Graciansky, P. C. de, Poag, C. W., et al., lnit. Repts. DSDP, 80 : Washington (US. Govt. Printing Office).
2 Addresses: (Maury, Bellon, and Bohn) Université de Bretagne Occidentale, 29283 Brest, France; (Bougault and Bohn) COB-CNEXO, BP 337, 29273 Brest, France; (Joron) Laboratoire P. Sue, CNRS, CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France; (de Graciansky) Ecole Nationale Supérieure des Mines, 60, Boulevard Saint-Michel, 75272 Paris Cedex 06, France.
The volcanic sequence includes two units: an upper one (46 m thick) composed of pillow lavas and hyaloclastites and a lower one (23 m thick) composed of two thick lava flows.
Geochemical (major element and trace element K/Ar isotopic dating) and mineralogical (microprobe) investigations have been conducted on 19 basalt samples (12 from Hole 55OB and 7 from Hole 551), with two major goals:
1. Characterization of the oldest ocean crust in the area, and 2. Search for petrological or age differences between basalts from Sites 550 and 551 to try to solve the important question of the precise location of the ocean-continent boundary west of Goban Spur.
LITHOLOGY
Most of the samples are relatively fresh, with wellpreserved primary plagioclases and clinopyroxenes. All of them, however, have suffered some alteration, including complete destabilization of olivine (conversion to brown clays); development of brown clays (smectites and mixed-layer clays) and calcite in a previously glassy groundmass; oxidation of iron titanium oxides; and filling of void spaces by calcite and clays. These mineralogic transformations are typical of low-temperature alteration of basalts by seawater ("brownstone facies" of Cann, 1979) .
The original textures are well preserved. Samples were obtained from every transitional textural type resulting from lava cooling, ranging from predominantly glassy textures (pillow rims) to microlitic and even subophitic textures (centers of lava flows). Most of the samples are porphyritic, with 1 to 2% olivine phenocrysts (altered) containing occasional chromite inclusions and 2 to 15% (commonly 5%) plagioclase phenocrysts, sometimes of plurimillimetric size. Clinopyroxene phenocrysts occur sporadically. There is no systematic difference between Hole 55OB and Hole 551 basalts with respect to the amount or nature of phenocrysts.
The groundmass is commonly made of acicular plagioclase and clinopyroxene, joined by tiny titanomagnetite octahedra in the well-crystallized samples. The original glasses have been converted to brown clays and calcite, which are also found filling vesicles and fractures. Secondary potassic feldspar (adularia type) occurs in the most altered samples, which commonly correspond to pillow or hyaloclastic fragments. This feldspar developed at the expense of the groundmass glass and has replaced plagioclase microlites and even phenocrysts. The basaltic sequence from Hole 551 is more altered than that from Hole 55OBJ and only a limited number of "fresh" samples are available for geochemical and microprobe studies. Chlorite and albite, common products of high-temperature hydrothermal alteration of oceanic basalts, are conspicuously lacking from the parageneses of Hole 550B and 551 basalts.
MAJOR ELEMENT COMPOSITIONS
The 19 analyses given in Table 1 are typical of oceanic tholeiites. The compositions are fairly constant, and most of them fall in the group of quartz tholeiites; only two samples can be classified as olivine tholeiites. The unique nepheline-normative composition (551-9-4, 47-52 cm) corresponds to a deeply altered basalt (loss on ignition: 6.36%). There is no systematic difference in major element compositions between Holes 55OB and 551. The most striking variations reflect the pattern of alteration: there is a strong positive correlation between the amount of K 2 O and the value of the loss on ignition (LOI), with the fresh samples (LOI <2°7o) containing less than 0.1% K 2 O. The altered basalts (LOI 2-6%) are commonly enriched in K 2 O (up to 1% in Sample 551-9-4, 47-52 cm) and slightly enriched in CaO, and somewhat depleted in SiO 2 and MgO. These chemical variations are typical of the low-temperature alteration sequence of oceanic basalt by seawater (Donnelly et al., 1979) .
MINERALOGY

Spinels
Chromiferous spinels (Cr 2 O 3 : 31-34%, Analyses 1, 2, and 3; Table 2 ) have been found as octahedra, as large as 50 µm in size, included within altered olivine phenocrysts in Sample 551-8-1, 129-132 cm. They can be classified as magnesiochromites with Mg/Mg + Fe 2+ = 0.66-0.73 and Cr/Cr + Al = 0.40-0.44, but they appear to be intermediate between the magnesiochromite and chromian spinel groups defined by Sigurdsson and Schilling (1976) for Mid-Atlantic Ridge basalts. They are more Al rich than the common compositional range of spinels from oceanic basalts, and in fact, they have been found in the most Al-rich basalt studied (A1 2 O 3 17.9%). This high alumina value seems to reflect alteration processes and/or possible accumulation of plagioclase phenocrysts. Indeed, using the relationship of Maurel and Maurel (1982) Titanomagnetite is a common mineral in the groundmass of microlitic or subophitic basalts of Leg 80, but it is often found oxidized to maghemite. Some primary compositions (TiO 2 20.5-21.5%) are given in Table 2 (Analyses 4 and 5).
Clinopyroxenes
Clinopyroxene phenocrysts, as large as 500 µm in diameter, occur sporadically. They are iron poor (FeO 5-797o; Table 3 ) and plot near the endiopside-augite boundary in the Ca-Mg-(Fe + Mn) diagram (Fig. 1) . They differ consistently from the groundmass clinopyroxenes by their lower TiO 2 and higher MgO and Cr 2 O 3 (up to 1.2%) contents. Their compositions are typical of clinopyroxene phenocrysts from oceanic tholeiites (Leterrier et al., 1982) and are very similar in Holes 55OB and 551.
The compositions of the extreme rims of clinopyroxene phenocrysts and those of groundmass clinopyroxenes show a considerable scatter in the Ca-Mg-(Fe + Mn) diagram of Figure 1 , where they plot mostly in the augite and ferroaugite fields. They follow a rough trend of iron enrichment typical of a tholeiitic series, with the most iron-rich compositions (45% ferrosilite) corresponding to the smaller crystals in well-crystallized (subophitic) samples. In fact, the compositional scatter of clinopyroxenes from any given individual sample is much less than for all samples combined. Figure IB shows two extreme cases of variations, corresponding, respectively, to pyroxenes from a quickly cooled basalt (550B-28-5, 129-131 cm) and from a subophitic one (551-13-5, 72-75 cm). The pyroxenes from the first sample show a typical quench trend (Smith and Lindsley, 1971) , and those from the second one exhibit a regular and pronounced iron enrichment. 
Plagioclases
The compositions of the cores of the phenocrysts vary from An 90 to An 70 , but individual crystals are rarely zoned (with the exception of the extreme rims, the composition of which is quite similar to that of microlites). In most cases compositional variations in a single phenocryst do not exceed 2 to 3% of anorthite component, which is quite uncommon in oceanic tholeiites. For instance, 10 microprobe analyses made from the core to the rim of a crystal 2.5 mm in diameter in Sample 550B-26-3, 88-91 cm, show a very restricted range of compositions: An 867 to An 85 7 (mean An 86A , standard deviation 0.35). The compositional ranges of plagioclase phenocrysts from Holes 55OB and 551 are similar. Figure 2 shows a rough correlation between the anorthite content and the size of plagioclase phenocrysts, the larger ones being the most An rich and thus presumably representative of early crystallized minerals (Natland, 1978) . These long (plurimillimetric) crystals usually contain glassy inclusions (Analyses 41, 42, and 43; Table 4 ). The compositions of these inclusions, however, cannot be considered representative of early liquids, because they have experienced crystallization of a basic plagioclase rim at the contact with their host mineral. Their analyses are thus considerably depleted in Al and enriched in Mg and Fe.
The compositions of the groundmass plagioclases and those of extreme rims of phenocrysts show considerable variations from An 75 to An 33 , the most common ones being An^^o. As previously discussed for groundmass pyroxenes, these variations are primarily linked to the cooling rates, the most sodic plagioclases being found in well-crystallized samples with subophitic textures.
Lastly, all the primary plagioclases analyzed contain no or extremely low amounts of potassium, any concen- tration of K 2 O being significant under the microprobe analytical conditions used (see Table 2 note).
Secondary Minerals
Although secondary minerals have not been studied in detail, a microprobe investigation was carried out on samples used for K/Ar analysis to find where within the samples potassium is concentrated. It appears that in "fresh" basalt (K 2 O <0.1%), potassium is concentrated in K-poor clays (K 2 O <0.5%, Analyses 48, 49, and 50; Table 4) developed at the expense of primary glasses. In altered basalts (K 2 O >0.1%), these minerals are also present but are joined by K-rich clays (K 2 O 2.5-10%, Analyses 51, 52, and 53; Table 4 ) and by adulariatype secondary potassic feldspars (K 2 O -17%, Analyses 44-47; Table 4 ). To summarize, in basalts from Leg 80, potassium is almost exclusively found in secondary minerals; it is thus difficult to determine the age of emplacement of these basalts from K/Ar data (as is true for other oceanic basalts).
TRACE ELEMENT COMPOSITIONS
The trace element compositions of basalts sampled in Hole 550B and 551 are given in Table 5 ; the elements are presented in order of increasing atomic number, including Ti, Mn, and Fe. All measurements were made either by X-ray fluorescence spectrometry (XRF) at the Centre Océanologique de Bretagne (C.O.B.) (Bougault et al., 1977; Bougault, 1980) or by instrumental neutron activation (NAA) at the Laboratoire P. Sue (Treuil et al., 1973) .
In general, Table 5 shows that the concentrations of trace elements in Leg 80 samples are typical of oceanic tholeiites and that there are no decisive differences between Hole 550B and 551 basalts. Nevertheless, some variations in these samples are observable. Some comments are necessary to point out the distinction between primary variations, possibly linked to partial melting or fractional crystallization, and those reflecting alteration. We will consider (1) alkali elements, (2) elements with high mineral/liquid partition coefficients (Ni and Cr), and (3) hygromagmaphile elements.
In fresh samples from both Holes 55OB and 551 (LOI <2%; K 2 O <0.1%) the concentrations of trace alkali Table 5 . Trace element data (ppm), Holes 55OB and 551. elements are very low (Rb < 1 ppm; Cs <0.02 ppm) and are typical of oceanic tholeiites. The hypothesis of a continental tholeiitic origin (flood basalts) for Hole 551 basalts can thus be excluded, because continental tholeiites are consistently enriched in Rb, Cs, and Ba, in contrast with ocean-floor basalts (Bertrand et al., 1982; Erlank and Hofmeyer, 1968) . In altered samples from Leg 80, there is a strong correlation linked to the degree of alteration between the amounts of Rb (up to 15 ppm) and Cs (up to 0.55 ppm) and the values of K 2 O and LOI. This kind of chemical variation reflects progressive alteration of basalts by low-temperature seawater, a good example of which comes from Holes 417A and 418 drilled during Legs 51 and 52 (Donnelly et al., 1979) .
Significant variations are observed for the two highpartition coefficient elements, Cr (210-358 ppm) and Ni (60-143 ppm). The basalts from Leg 80 sites cannot be considered as primary melts. The concentrations of Cr and Ni in these would be close to 600 and 250 ppm, respectively. Thus, they appear to be derived liquids resulting from fractional crystallization. There is no correlation between Cr and Ni amounts and the sequence of low-temperature alteration; thus, the variations of Cr and Ni in Leg 80 basalts can be considered to be of primary origin and can be ascribed to fractionation of magnesiochromite and olivine, respectively.
Concerning hygromagmaphile elements, it is noteworthy that the elements of the second and third Transition Series of Groups 3, 4, and 5 (Y/Tb, Zr/HF, and Nb/Ta) do not fractionate one from the other. Their ratios are close to the chondritic ratios (Y/Tb -50, Zr/ HF 40, and Nb/Ta 16) and are thus characteristic of oceanic tholeiites (Bougault, 1980) for both Hole 550B and 551 samples. The range of variation of hygromagmaphile elements is shown in Figures 3 and 4 , in which these elements are plotted on an extended Coryell-Masuda diagram (Bougault, 1980) . These patterns with low Th, Ta, and La values normalized to chondrite composition are typical of "depleted" oceanic tholeiites. This is again a reason to exclude a continental tholeiitic parentage for Hole 551 basalts, because continental tholeiites are characteristically enriched in light rare earth elements (LREE). In addition, the La/Ta ratios of Leg 80 samples are somewhat variable; their mean values (14 for Hole 550B samples, 15 for Hole 551) are intermediate between those found for different types of Atlantic floor basalts (Bougault et al., 1979) .
Five samples (two recovered from Hole 550B and three from Hole 551) were dated using the conventional 40 K/ 40 Ar method. A previous study of the chemical and mineralogical characters of the samples was done to determine their degree and type of alteration-for example, the nature of secondary veinlets in the basalt groundmass, the nature of the filling of vesicles, the presence of chlorite, a local increase of potassium around the feldspars, weathering of clinopyroxenes and oxides, and weathering and abundance of glass in the basalts. 
EXPERIMENTAL PROCEDURE
Argon was extracted from whole rock (1 g in each case) reduced to grains of 0.3 to 0.1 mm and cleaned with distillated water to eliminate the crushing powder adhering to the grains. When vesicles were too numerous in the basalt, grains for analyses (Ar and K) were handpicked (Sample 551-8-1, 128-132 cm).
Isotopic analysis was done using isotope dilution technique where an 38 Ar spike is buried as positive ions in an aluminium foil target, as described in Bellon et al. (1981) , by 180° mass spectrometry running in static mode. The ion accelerating voltage was between 500 and 600 V, and the permanent magnetic field was 3300 G. The electron accelerating voltage in the ion source was set at 50 V. After each analysis, mass discrimination correction was applied using air Ar analysis introduced in the mass spectrometer at a level equivalent to that of each analyzed sample. The correction was always < 1% per mass atomic unit.
Potassium was analyzed both by X-ray fluorescence (C.O.B. laboratories) and atomic absorption spectrometry (Varian AA6) (Université de Bretagne Occidentale laboratories). A good agreement has been found among the results obtained by the two techniques. Atomic absorption determinations were used in age calculations because this technique was run on the rock fraction from which the Ar was extracted.
Age calculations were achieved using the following formula: age t (m.y.) = 4153.9 log, 0 (l + 142.33 ^ArVK), in which the constants are those of Steiger and Jàger (1977) . ^Ar* is expressed in cubic centimeters per gram and K in grams. Results are given in Table 6 .
Results and Discussion
From Hole 550B, two samples give ages of 69.6 ± 3.5 m.y. and 76.4 ± 3.6 m.y. The oldest age is given by the basalt most depleted in K 2 O (0.065% versus 0.09%).
These ages do not agree with the fossil age, since these rocks have been recovered in the 33 m of volcanic rocks and minor limestones cored below the uppermost Albian calcareous mudstones of about 95 m.y. in age (Odin and Kennedy, 1982) . In addition, three of the six lava flows cored in the hole are covered by microfossilbearing limestones, the age of which is probably not very different from the age of the overlying sediments. The two radiometric ages are too young in comparison with the age of the sediments.
From Hole 551, three samples give ages of 42.7 ± 2.15 m.y., 48.9 ± 2.45 m.y., and 62.5 ± 3.15 m.y., respectively. Here also the oldest age is given by the K 2 O poorest basalt (0.114%). In contrast there is no strong age discrepancy between a rich K 2 O basalt (0.827%) and a poor K 2 O basalt (0.145%). The difference between the two groups of ages seems to be linked to the type of volcanic rocks; the oldest age is from a massive basalt, and the youngest is from a pillow basalt. In this case again the ages do not agree with the fossil age because the recovered 59 m of basalt are below upper Cenomanian chalks. According to Odin and Kennedy (1982) , the age of volcanism should be older than 91 m.y.
The radiometric ages are highly distorted and inconsistent with the apparent age of the oceanic crust as coneluded from sedimentary rocks. A more detailed investigation of each dated system is needed to propose one or more mechanisms which would lead to reducing the radiometric ages.
From mineralogical and geochemical studies, we must remember the strong influence of the progressive alteration of basalts by low temperature seawater. The radiometric data support and reflect this phenomenon, but it seems that the K-enrichment varies among the different dated samples.
1. The higher radiometric ages were obtained from massive lavas (Samples 550B-26-3, 88-91 cm; 550B-27-1, 65-68 cm; and 551-13-5, 72-75 cm).
2. The highest K content was found is a deep, fractured pillow lava where extensive circulation was probably favored by the fractures.
3. The progressive alteration was probably influenced by the relative position of the lavas with respect to their depth BSF: the youngest radiometric ages are those of pillow lavas and massive lavas from Hole 551 at a depth of 150 m BSF.
4. The oldest ages are those of massive lavas from Hole 55OB at a depth of 690 m BSF.
5. In this way a correlation appears between radiometric ages and K 2 O content for four samples (Fig. 5) . The line joining the different points crosses the y axis (time) between 90 and 100 m.y., the possible age of ba- salt emplacement. This point corresponds to an initial K 2 O content close to 0% in the basalts.
CONCLUSIONS
The basalt samples from Leg 80 sites are typical LREE-depleted oceanic tholeiites with well-conserved primary mineralogy and geochemistry; they do not depart from the compositions of Atlantic ocean-floor basalts. The basalts have suffered various degrees of lowtemperature seawater alteration resulting in the development of secondary parageneses of the "brownstone fades" (brown clays and adularia) and enrichment in K, Rb, and Cs.
The mineralogical and geochemical compositions of basalts from Holes 55OB and 551 are almost identical; there is no petrological argument for postulating different magmatic parentages or geodynamic conditions of emplacement for the basalts from the two sites. In particular, Hole 551 basalts are clearly different (low alkali contents, LREE-depleted) from the continental tholeiites or flood basalts emplaced on the margins of oceanizing domains mainly during the prerift magmatic, or possibly the synrift, stages.
K/Ar dating failed to give valuable emplacement ages for Leg 80 basalts because K was mobile during latestage low-temperature alteration.
